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1

NAVIGATION FEATURES FOR
ELECTROCARDIOGRAPH DEVICE USER
INTERFACE

BACKGROUND

An electrocardiograph (“ECG”) 1s a representation of the
clectrical signals generated by the heart muscle. Typical ECG
devices derive one or more ECG wavelorms by measuring
small voltages that appear on pickup electrodes, or leads,
placed on the surface of a patient’s body. Electrocardiograph
(ECG) machines typically include a display device, a plural-
ity of electrodes, and control and signal conditioning cir-
cuitry. The electrodes are designed to be attached to the skin
on the chest and limbs of a patient based on a 12-lead place-
ment model. Generally, limb lead electrodes are placed on
cach arm and on the leit leg, while precordial lead electrodes
are placed on the left upper chestregion over the heart in close
proximity to the heart and at a location of strongest ventricu-
lar cardiac action potential signal strength. The display device
presents a wavelorm representative of an electrical signal of
cach of the 12 leads, typically within a small window showing
one or a small number of periodic intervals (e.g., approxi-
mately a single heartbeat cycle), based on detection of such
signals by the control circuitry.

Because ECG devices typically present each ofthe 12 leads
on a display, each wavelorm for each of the leads 1s typically
restricted within a small region of the display. Typically, this
1s acceptable, since users of ECG devices can view a single
heartbeat period within such a small region. However, in
some cases, use of such small regions of a display 1s unac-
ceptable. For example, it may be difficult, within such a small
display region, to determine variations 1n a signal occurring
over multiple heartbeat periods, such as drift of the electrical
signal to a higher or lower voltage, which may indicate an
1ssue with either the device or patient. In existing machines, to
view an extended version of one of the waveforms, the user
must navigate a series of configuration screens to reconfigure
a display. To return to the screen displaying each of the 12
leads, the user must again navigate a series of configuration
screens. Such reconfiguration of displays 1s time-intensive,
and cumbersome.

SUMMARY

In summary, the present application relates to navigation
teatures for a user interface of an electrocardiograph device.
In example aspects, various regions of the display can be
selected to display additional information regarding a par-
ticular electrical lead of an electrocardiograph device, or to
display additional details regarding connection of such leads
to a patient, or to scroll through possible views available for
reviewing the signals at various ECG leads.

In a first aspect, an electrocardiograph device includes a
display, a plurality of electrocardiograph signal leads config-
ured for electrical connection to a patient, and a program-
mable circuit operatively connected to the display and to the
plurality of electrocardiograph signal leads. The program-
mable circuit 1s configured to recerve electrical signals via the
clectrocardiograph signal leads representative of a heartbeat
of apatient. The programmable circuit1s further configured to
generate a user iterface to be presented on the display, the
user interface comprising a lead display including a screen
layout 1including a plurality of wavetform regions, the wave-
form regions being adjacent to one another and each display-
ing a wavetorm corresponding to an electrical signal from one
of the plurality of electrocardiograph signal leads over a first
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time interval including at least one heartbeat period. The
programmable circuit 1s also configured to, upon recerving
selection of a region of the user interface, display an extended
wavelorm region associated with one or more of the electro-
cardiograph signal leads, the extended wavetorm region dis-
playing a wavelform corresponding to the electrical signal
from one of the plurality of electrocardiograph leads over a
second time interval that 1s longer than the first time 1nterval,
and which 1ncludes a plurality of heartbeat periods.

In a second aspect, an electrocardiograph device includes a
display, a plurality of electrocardiograph signal leads config-
ured for electrical connection to a patient, and a program-
mable circuit operatively connected to the display and to the
plurality of electrocardiograph signal leads. The program-
mable circuit 1s configured to receive electrical signals via the
clectrocardiograph signal leads representative of a heartbeat
of apatient. The programmable circuit 1s further configured to
generate a user terface to be presented on the display, the
user interface comprising a lead display including a screen
layout including a plurality of regions, the plurality of regions
being adjacent to one another and each displaying an indica-
tion of an electrical signal from one or more of the plurality of
clectrocardiograph signal leads. The programmable circuit 1s
also configured to, upon recerving selection of a region of the
user 1interface, displaying an extended region associated with
one or more of the electrocardiograph signal leads, the
extended region at least partially overlaying one or more
remaining regions adjacent to the selected region.

In a third aspect, a method of operating an electrocardio-
graph device includes attaching a plurality of electrocardio-
graph signal leads to a patient, and selecting a display mode
on a display of the electrocardiograph device to display a lead
display including a screen layout including a plurality of
regions, the plurality of regions being adjacent to one another
and each displaying an indication of an electrical signal from
one or more ol the plurality of electrocardiograph signal
leads. The method also includes selecting one of the plurality
of regions on the display, thereby causing the electrocardio-
graph device to display an extended region associated with
one or more of the electrocardiograph signal leads, the
extended region at least partially overlaying one or more
remaining regions adjacent to the selected region.

This summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are turther described below 1n
the Detailed Description. This summary 1s not mtended to
identily key features or essential features of the claimed sub-

ject matter, nor 1s 1t mtended to be used to limait the scope of
the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s ablock diagram of an example electrocardiograph
device useable for detecting cardiac signals of a patient,
according to a possible embodiment of the present disclosure;

FIG. 2 1s a flowchart of a method for operating an electro-
cardiograph device, according to an example embodiment of
the present disclosure;

FIG. 3 1s a schematic 1llustration of a lead display depicting
a screen layout for a twelve-lead electrocardiograph device
including a plurality of display regions, according to an
example embodiment of the present disclosure;

FI1G. 4 1s a schematic 1llustration of a lead display depicting
a second screen layout including an extended region overlay-
ing existing display regions, according to an example
embodiment of the present disclosure;
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FIG. 5 1s an example of a lead display depicting a screen
layout for a twelve-lead electrocardiograph device as 1llus-

trated in FI1G. 3;

FIG. 6 1s an example of a lead display depicting a screen
layout for a twelve-lead electrocardiograph device as 1llus-

trated in FIG. 4;

FI1G. 7 1s a schematic illustration of a lead display system
depicting a screen layout including an expanded patient torso
depiction, according to an example embodiment;

FIG. 8 1s a schematic illustration of a lead display system
depicting a screen layout including a minimized patient torso
depiction, according to an example embodiment;

FIG. 9 1s an example of the lead display system including
an expanded patient torso depiction as 1 FIG. 7;

FIG. 10 1s an example of the lead display system including,
a minimized patient torso depiction as in FIG. 8;

FI1G. 11 1s a schematic illustration of a sequence of toggling
among views ol wavelorms representing electrical signals at
cach of a plurality of electrocardiograph signal leads;

FIG. 12 1s a schematic illustration of a first example screen
layout among the screen layouts selectable via a view toggle
button, according to an example embodiment;

FIG. 13 1s a schematic illustration of a second example
screen layout among the screen layouts selectable via a view
toggle button, according to an example embodiment;

FI1G. 14 1s a schematic illustration of a third example screen
layout among the screen layouts selectable via a view toggle
button, according to an example embodiment; and

FIG. 15 1s a schematic illustration of a fourth example
screen layout among the screen layouts selectable via a view
toggle button, according to an example embodiment.

DETAILED DESCRIPTION

As briefly described above, embodiments of the present
invention are directed to navigation features for a user inter-
face of an electrocardiograph device. In example aspects,
various regions ol the display can be selected to display
additional information regarding a particular electrical lead
of an electrocardiograph device, or to display additional
details regarding connection of such leads to a patient, or to
scroll through possible views available for reviewing the sig-
nals at various ECG leads. As discussed herein, the navigation
features provided by way of the present disclosure simplify
navigation among views provided by an electrocardiograph
machine simplify the manner 1n which views can be changed
ona display of such a device, thereby saving time and improv-
ing the usability of such devices.

Referring now to FIG. 1, a schematic block diagram of an
example electrocardiograph (ECG) device 100 1s shown 1n
association with a patient 10. The ECG device includes a
patient interface 102, processing system 104, and display
106.

The patient interface 102 connects to a plurality of electro-
cardiograph signal leads 108, which are electrically con-
nected to a patient 10 to capture electrical signals generated
based on a cardiac rhythm of the patient. In example embodi-
ments, the patient mterface 102 includes a multiplexor 110
useable to aggregate signals from a lead interface 109, and
route such signals to an electrical interface 112, such asa A/D
conversion circuit. A lead detection circuit 114 determines
whether each of the leads 108 are electrically connected to a
patient, such as to determine 1ssues with electrical connection
(thereby flagging, for a caregiver, that an electrical signal 1s
not representative of the patient’s cardiac rhythm due to con-
nectivity 1ssues).
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The processing system 104 receives the collected digital
signals from the patient interface 106, and performs a variety
of processing tasks on those signals. For example, the pro-
cessing system 104 1s communicatively connected to a
memory 115. The memory 115 stores various types of data
and/or software instructions that, when executed by the pro-
cessing system 104, cause the ECG device 100 to perform
ECG processing and display tasks, as well as storage and
communication of ECG-related data.

In various embodiments, the memory 115 can be 1mple-
mented as any of a variety of types of computer-readable
media or computer storage media imncorporated mto a com-
puter storage device or system. In accordance with the present
disclosure, the term computer readable media as used herein
may include computer storage media and communication
media. As used 1n this document, a computer storage medium
1s a device or article of manufacture that stores data and/or
computer-executable instructions. Computer storage media
may 1nclude volatile and nonvolatile, removable and non-
removable devices or articles of manufacture implemented in
any method or technology for storage of information, such as
computer readable instructions, data structures, program
modules, or other data. By way of example, and not limita-
tion, computer storage media may include dynamic random
access memory (DRAM), double data rate synchronous
dynamic random access memory (DDR SDRAM), reduced
latency DRAM, DDR2 SDRAM, DDR3 SDRAM, solid state
memory, read-only memory (ROM), electrically-erasable
programmable ROM, optical discs (e.g., CD-ROMs, DVDs,
ctc.), magnetic disks (e.g., hard disks, floppy disks, etc.),
magnetic tapes, and other types of devices and/or articles of
manufacture that store data. Communication media may be
embodied by computer readable 1nstructions, data structures,
program modules, or other data 1n a modulated data signal,
such as a carrier wave or other transport mechanism, and
includes any information delivery media. The term “modu-
lated data signal” may describe a signal that has one or more
characteristics set or changed 1n such a manner as to encode
information 1n the signal. By way of example, and not limi-
tation, communication media may include wired media such
as a wired network or direct-wired connection, and wireless
media such as acoustic, radio frequency (RF), infrared, and
other wireless media. Computer storage media does not
include a carrier wave or other propagated or modulated data
signal.

In the embodiment shown, the processing system 104
includes a controller 116, processor 118, and signal process-
ing circuit 120. The controller 116 1s configured for control-
ling peripheral devices (e.g., input devices and output
devices, such as the display 106 and mput device 107 dis-
cussed below). Optionally, the controller 116 can correspond
to a communication controller, useable for managing wired
and/or wireless communications via communication inter-
faces, such as wired communication interface 122 and wire-
less communication interface 124, respectively. The wired
communication interface 122 can be implemented, for
example, as an Ethernet interface, a token-ring network inter-
face, a fiber optic network interface, or other wired interface,
such as a Universal Serial Bus (USB) connector. The wireless
communication interface 124 can, for example, be 1mple-
mented according to a desired wireless communication pro-
tocol (e.g., WiF1, WiMax, etc.).

The processor 118 generally coordinates operations of the
ECG device based on operating software stored in the
memory 115, and coordinates interaction between the patient
interface 102 and display 106. The signal processing circuit
120 performs digital signal processing and video processing
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operations on recerved signals from the patient interface 102
to prepare received signals for display via the controller 116
and display 106.

The display 106 corresponds to a screen integrated with or
communicatively connected to the ECG device 100. In vari-
ous embodiments, the display 106 can be various types of
devices for displaying video information, such as an LCD
display panel, a plasma screen display panel, a touch-sensi-
tive display panel, an LED screen, a cathode-ray tube display,
or aprojector. In some such embodiments, the display 106 can
also function as an input device (e.g., a touch screen display).
In some embodiments, 1n particular those in which display
106 1s not a touch screen display, a further input device 107
can be included, such as a keyboard, pointer device, touch-
pad, or other input mechanism.

In addition, a power interface 124 provides a power source
to the various other components of the ECG device 100, such
as the patient interface 102 and processing system 104 (in-
cluding display 106). In various embodiments, the power
interface 124 can receive a power input (e.g., via a traditional
120 VAC plug, or a DC, battery, or other electrical power
source).

It 1s noted that, in some embodiments, the ECG device 100
as discussed above can be incorporated into or with other
types of diagnostic equipment; accordingly, although dis-
cussed herein as an ECG device specifically, 1t 1s understood
that the above functionality, and the below graphical and
navigational features, could be incorporated into a multi-
function healthcare, diagnostic, or patient monitoring device.

Referring now to FIG. 2, an example flowchart of a method
200 for operating an electrocardiograph device, such as ECG
device 100 of FIG. 1, 1s shown. In the example embodiment
shown, the method 200 can be performed by a user of such a
device, or can be performed by a user of a remote computer,
or at least partially by the device or a computing system or
device communicatively connected thereto.

In the embodiment shown, the method 200 includes an
attachment operation 202, which corresponds to attaching
clectrocardiograph signal leads to a patient to be monitored.
In operation 202, a user of the ECG device 100, such as a
healthcare provider (a physician, nurse, or other clinical staff)
can electrically connect such leads to the patient, thereby
forming an electrical connection by which ECG device 100
can detect heartbeat signals.

A display mode selection operation 204 corresponds to the
user selecting to display wavetorms that are associated with
the electrocardiograph signal leads 1n a particular configura-
tion. This can include, for example, mitializing the display
(e.g., turning on the device) or can alternatively correspond to
selecting a mode from a menu or based on a touch screen
option presented by the ECG device 100. Generally, the dis-
play mode selection operation 204 can result in display of a
screen layout that includes a number of wavetform regions,
including some that are adjacent one another. The wavelorm
regions can each correspond to an electrical signal from the
clectrocardiograph signal leads, as illustrated 1n FIG. 3. As
seen 1n FIG. 3, each of the displayed leads (or at a minimum,
one or more of such leads) displays an electrocardiograph
signal over a time interval that 1s at least one heartbeat period
in length (duration).

A selection operation 206 corresponds to selection of at
least one region of a displayed screen layout. The selection
operation 206 can, 1n various embodiments, correspond to
selection of (1) a region of the screen layout that includes a
wavelorm representing one or more of the electrocardiograph
signal leads, (2) selection of a navigation option, such as a
view toggle button, a lead display selection button, or other
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navigation buttons, or (3) selection of a graphical represen-
tation of the patient to mspect various electrode connectivity
issues. Selections of other graphical elements could be
included as well. The selection can occur based, for example,
upon touching the corresponding graphical element dis-
played on a touch sensitive display, or otherwise using a
keypad or pointer to select such a graphical element.

A display update operation 208 1s performed in response to
the selection operation 206, and updates a display of an ECG
device 1n response to the selected region. The display update
operation 208 can have various effects. In some example
embodiments, such as those described 1in connection with
FIGS. 3-6 below, selection of a region of the screen layout that
includes a wavelorm can cause expansion of the region to
form an extended region in which a plurality of additional
heartbeat periods are displayed. In such embodiments, a sec-
ond subsequent selection of the extended region can cause the
display to return to the original screen layout. Such a select-
able expansion arrangement can be particularly useful 1n user
interfaces 1n which waveform regions are displayed for each
of the 12 electrocardiograph signal leads, such as in FIG. 3.

In an alternative embodiment, the display update operation
208 can be performed 1n response to a selection of a view
toggle button, lead display selection button, or other types of
buttons. In such embodiments, the display update operation
208 can correspond to toggling quickly among a plurality of
preset views. In an example of such an arrangement, a view
toggle button can be used to cycle among a plurality of dii-
terent view layouts, with each view layout including a differ-
ent combination of regions of varying sizes, and including a
different combination of electrocardiograph signal leads. For
example, one layout can include all 12 electrocardiograph
signal leads, while a further layout could include a particular
set of four or more of the electrocardiograph signal leads, but
could 1nclude extended regions to display multiple heartbeat
periods. Still further layouts could group signals from differ-
ent electrocardiograph signal leads. An example of toggling
using a view toggle button 1s provided below, in connection
with FIGS. 11-15.

In accordance with this embodiment, a lead display selec-
tion button could also be used, in connection with views
where fewer than all 12 electrocardiograph signal leads are
displayed, to cycle among display of the plurality of electro-
cardiograph signal leads. For example, for views including
wavelorms from 4 of the leads, the leads display selection
button would allow toggling among three screens, each of
which would be configured to display a set of signals from 4
different electrocardiograph signal leads.

In a further alternative embodiment, the display update
operation 208 can be configured to display an enlarged ver-
s1on of a graphic useable to assist with diagnosis of a patient.
In example versions of such an embodiment, a graphic of a
torso of a patient can be located within a region of the screen
in one or more example layouts, and can, when selected,
cause display of a larger version of such a graphic. This can
allow a user to view proper placement of electrocardiograph
signal leads on the patient, or can detect whether a signal 1s
being properly received at the ECG device (e.g., by use of a
different colored, or blinking, indicator within the graphic).
One possible version of these embodiments 1s discussed
below 1n connection with FIGS. 7-10.

Referring now to FIGS. 3-6, example lead displays are
presented illustrating operation of one possible navigation
feature useable 1n connection with an ECG device, such as
device 100 discussed above. In particular, the example of
FIGS. 3-6 represents selection of a particular region that
includes a wavetorm showing at least about one heartbeat
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period to cause display of an expanded region that displays a
plurality of heartbeat periods to show trends 1n the ECG
signal.

FIGS. 3-4 illustrate a schematic version of use of such a
navigational feature 1n connection with a lead display 300. As
illustrated in FIG. 3, lead display 300 includes a screen layout
302 1n which each of 12 different regions 304a-1 are dis-
played, each representing a different one of the plurality of
clectrocardiograph signal leads placed on a patient. In the
embodiment shown, the screen layout 302 also includes an
aggregate signal 305, as well as a torso 1mage 306 of the
patient, a view toggle button 308, a gain adjustment button
310, a speed adjustment button 312, and a filter button 314.
The screen layout 302 further includes one or more ECG test
action buttons 316, useable for diagnosis of perceived 1rregu-
larities 1n a particular ECG signal.

As shown 1in FIG. 3, each of regions 304a-1 are placed in a
4x3 array, such that each of three rows has four columns of
regions. Due to the screen layout, and based on horizontally
extending wavelorms 1n each of the regions 304a-1, the gain
adjustment button 310, speed adjustment button 312, and
filter button 314 can be used to adjust the window scaling 1n
cach region to ensure that at least one heartbeat period can be
displayed within each region. Optionally, a heart rate indica-
tor 320 can be included to illustrate to a user of the ECG
device (e.g., a caregiver) a particular heart rate to assist with
the scaling of a heart rate signal.

In FIG. 4, the lead display 300 1s altered relative to FIG. 3,
based on a selection of an example region. In the example
shown, region 304¢g of FIG. 3 was selected, to expand that
region to show additional heartbeat periods associated with
that particular electrode.

Upon selection of region 304g, a updated, or second,
screen layout 402 1s displayed. The screen layout 402 1s
generally 1dentical to that of FIG. 3, except that extended
region 404 replaces region 304g. As shown, extended region
404 occupies an entire row to allow for display of a plurality
of heartbeat periods. Accordingly, extended region 404 over-
lays a region previously occupied by regions 304e, 304/, and
304/ (alongside region 304g). When region 404 1s selected
again by a user, the screen layout reverts to that shown in FIG.
3. Furthermore, 11 a region 1n a different row 1s selected, a
similar functionality 1s provided 1n which an extended region
can replace the various regions in that same row.

A specific example of such a navigation feature 1s depicted
in FIGS. 5-6. FIG. 5 illustrates a lead display 500 that gener-
ally corresponds to lead display 300 as depicted in FIG. 3,
with a screen layout 502 that includes 12 different regions
504a-1 analogous to regions 304a-1 of FIG. 3. As seen1n FIG.
5, each of regions 504e-/ are positioned along a common
baseline, such that each appears to be consistent 1n overall
signal level. However, as illustrated in FIG. 6, a screen layout
602 1llustrates that, upon selection of region 504g, an
extended region 604 1s displayed, showing a wandering base-
line for the signals corresponding to the electrocardiograph
signal leads displayed 1n region 504¢. As such, as discussed
above, at times, 1t 1s useful to display a plurality of heartbeat
periods to detect 1ssues such as signal driit, which 1s shown in
region 604.

It 1s also noted that, 1n both FIGS. 5 and 6, a torso image
506 1s displayed that includes an 1ndication of the location of
clectrocardiograph signal leads. The torso 1mage can include
an 1ndication of the specific lead that 1s being expanded, or
can alternatively include an indication (e.g., by flashing, or
changing color) 1n case a weak or erratic signal 1s recerved
from a particular electrocardiograph signal lead. Addition-
ally, a view toggle button 508, as well as a gain adjustment
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button 510, a speed adjustment button 512, and a filter button
514 can also be included, alongside a start ECG test button
516.

Referring now to FIGS. 7-10, screen layouts illustrating a
second navigation feature are provided, in particular, for
response to selection or deselection of a torso 1image. FIG. 7
illustrates a lead display 700 including a particular screen
layout 702 in which three electrocardiograph signal leads are
displayed 1n a common region 704. In this screen layout 702,
an enlarged torso 1mage 706 1s positioned alongside the com-
mon region 704, with a minmiaturized version of the torso
image 708 located alongside the common region 704.

The screen layout 702 turther includes a plurality of navi-
gation and display features alongside a bottom edge of the
common region 704, including a leads region 710, a view
toggle button 712, a gain adjustment button 714, a speed
adjustment button 716, and a filter button 718. The screen
layout 702 further includes one or more ECG test action
buttons 720, useable for diagnosis of perceived 1rregularities
in a particular ECG signal.

Selection of the leads region 710 allows a user to cycle
through different sets of electrocardiograph signal leads, such
that each of the 12 leads can be displayed. Selection of the
view toggle option 712 allows the user to view different
layouts of electrocardiograph signal leads, as 1llustrated 1n
FIGS. 11-15.

Reterring to FIG. 8, the lead display 700 includes a second
screen layout 802 that 1s shown upon selection of either of the
enlarged torso 1mage 706 or the miniaturized version of the
torso 1mage 708. As illustrated 1n FI1G. 8, the enlarged torso
image 706 1s hidden, allowing for display of an enlarged
common region 804, showing a longer portion of the wave-
forms. Selection of the mimaturized version of the torso
image 708 causes the display to revert to the screen layout 702
shown in FIG. 7.

It 1s noted that, in the embodiments of FIGS. 7-10, the
enlarged torso 1mage 706 can provide additional detail rela-
tive to the minmiaturized version of the torso image 708 regard-
ing placement of the electrocardiograph signal leads, or
whether such leads are operating correctly. As noted above,
the indicators of leads on the enlarged torso image 706 may
include all leads, wherein the 1mage 708 may only include a
subset of the leads; additionally, the enlarged torso 1image 706
may include additional detail or functionality, such as the
indicators of correct placement previously discussed (e.g.,
changes 1n color or appearance).

FIGS. 9-10 1llustrate example versions of a lead display
900 according to the schematic illustrated in FIGS. 7-8,
respectively. In particular, FIG. 9 shows a screen layout 902
that includes a common region 904, and an enlarged torso
image 906 positioned to the side of that region, alongside a
minimized version of the torso image 908. As discussed
above with respect to FIGS. 7-8, the screen layout 902 further
includes a plurality of navigation and display features along-
side a bottom edge of the common region 904, including a
leads region 910, a view toggle button 912, a gain adjustment
button 914, a speed adjustment button 916, and a filter button
918. The screen layout 902 further includes a print button 920
for capturing a particular waveform.

FIG. 101llustrates, similar to FIG. 8, a second screen layout
1002, 1n which the enlarged torso image 904 1s removed,
leaving only the minimized version of the torso image 908.
Accordingly, a larger version of a common region 1004 1s
displayed. In this arrangement, as with that shown 1n FIG. 8,
a greater number of heartbeat periods can be shown 1n the
common region 1004 on a display, as compared to common
region 904 (in the example shown, four such periods are
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shown 1n FIG. 9, and eight periods are shown in FIG. 10).
Accordingly, a user can quickly select between being able to
se¢ a full status of electrodes on a graphical depiction of a
patient torso (the enlarged torso 1mage), or a larger number of
heart beat periods.

Referring to FIGS. 11-15, additional navigation features
are 1llustrated, allowing for convenient switching among a
plurality of different views, each having a different combina-
tion of regions displayed. In the examples shown, a view
toggle button, such as the buttons 312,512, 712, or 912, could
be used to switch among a plurality of selectable views.

FIG. 11 specifically shows one example sequence 1100 of
views that can be selected via a view toggle button, shown as
toggle buttons 1102aq-d (collectively, view toggle button
1102). In the embodiment shown, the view toggle button 1102
can be selected, for example via a touch screen display, to
cycle among a plurality of views. As shown, the view toggle
button changes appearance to represent the current view; for
example, 1n the various embodiments discussed herein, a first
version of the view toggle button 1102, depicted as button
11024, corresponds to a screen layout 1200 as seen 1n FIG.
12; a second version, depicted as button 11025, corresponds
to screen layout 1300 as seen in FIG. 13. Similarly, a third
version ol the view toggle button 1102¢, corresponds to a
screen layout 1400 as seen 1n FIG. 14, and a fourth version,
depicted as button 11024, corresponds to screen layout 1500
as seen1n FI1G. 15. Of course, 1t 1s understood that other views,
and other corresponding versions of the view toggle button
1102, could be used as well.

As seen 1n FIG. 12, a first screen layout 1200 includes a
region 1202 occupying a majority of the screen area. The first
screen layout 1200 also includes a view toggle button 11024,
as well as a variety of other control buttons, and graphical
clements, including a patient torso graphic 1204, leads region
1206, a gain adjustment button 1208, speed adjustment button
1210, and filter button 1212. The first screen layout 1200 also
includes one or more ECG test action buttons 1214.

Withun the first screen layout, the leads region 1206 can be
selected to cycle among four different lead graphics, each of
which display three lead wavetorms within the region 1202.
The remaining elements (buttons 1208-1214) operate analo-
gously to those features discussed above 1n connection with
alternative embodiments.

As seen 1n FIG. 13, a second screen layout 1300 includes a
single region 1302 occupying a majority of the screen area,
but locates the lead wavetorms along a top portion of that
region, allowing for other data to be displayed within the
region. The second screen layout 1300 further includes a view
toggle button 11025, as well as the various other graphical
clements/regions 1204-1214 discussed above.

FI1G. 14 illustrates a third screen layout 1400 including a
pair of regions 1402a-bH, each of which displays six wave-
torms. The third screen layout 1400 therefore displays wave-
forms associated with each of the plurality of electrocardio-
graph signal leads. Accordingly, although the third screen
layout includes the patient torso graphic 1204 and buttons
1208-1214, 1t lacks the leads region 1206, since no leads
remain undisplayed. Of course, 1t 1s recognized that because
the leads are all displayed, a smaller amount of each wave-
form can be presented on the display. The third screen layout
1400 includes a view toggle button 1102¢, allowing for
cycling among the various screen layouts discussed herein.

FIG. 15 1llustrates a fourth screen layout 1500 including
twelve individual regions 1502a-1. The fourth screen layout
1500 1includes a view toggle button 11024, as well as patient

torso graphic 1204 and buttons 1208-1214. As with the third
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screen layout 1400, 1n the fourth screen layout the leads
region 1s not required, since each of the leads remains dis-
played.

In use, the view toggle button 1102 cycles through a
sequence of states, which correspond to views, or screen
layouts, as discussed below. In the example shown, a sequen-
tial arrangement of screens 1s provided in which selection of
view toggle button 1102a causes screen layout 1200 to
change to screen layout 1300, while selection of view toggle
button 11025 causes screen layout 1300 to change to screen
layout 1400, selection of view toggle button 1102¢ causes
screen layout 1400 to change to screen layout 1500, and
selection of view toggle button 11024 causes screen layout
1500 to change to screen layout 1200, as illustrated 1n the
sequence 1100 of FIG. 11.

Referring to FIGS. 1-15 overall, 1t 1s recognized that the
various navigation features discussed herein provide a great
deal of flexibility and allow for convenient navigation among
a variety of screen layouts, or views, of wavelorms depicting
clectrocardiograph signals, as well as the status of leads with
which those signals are captured. Additionally, the various
features discussed herein allow for convenient and mtuitive
use 1 connection with a touch screen display integrated nto
an ECG device.

Further, 1n connection with the present disclosure, embodi-
ments of the invention may be practiced in an electrical circuit
comprising discrete electronic elements, packaged or inte-
grated electronic chips containing logic gates, a circuit utiliz-
1ng a microprocessor, or on a single chip containing electronic
clements or microprocessors. For example, embodiments of
the imnvention may be practiced via a system-on-a-chip (SOC)
where each or many of the components 1llustrated in FIG. 1
may be integrated onto a single integrated circuit. Such an
SOC device may include one or more processing units, graph-
ics units, communications units, system virtualization units
and various application functionality all of which are inte-
grated (or “burned’) onto the chip substrate as a single inte-
grated circuit. Embodiments of the invention may also be
practiced using other technologies capable of performing
logical operations such as, for example, AND, OR, and NOT,
including but not limited to mechanical, optical, fluidic, and
quantum technologies. In addition, embodiments of the
invention may be practiced within a general purpose com-
puter or 1n any other circuits or systems.

The above specification, examples and data provide a com-
plete description of the manufacture and use of the composi-
tion of the mvention. Since many embodiments of the mven-
tion can be made without departing from the spirit and scope
of the invention, the invention resides 1n the claims hereinat-
ter appended.

The mvention claimed 1s:

1. An electrocardiograph device comprising:

a display;

a plurality of electrocardiograph signal leads configured
for electrical connection to a patient;

a programmable circuit operatively connected to the dis-
play and to the plurality of electrocardiograph signal
leads, the programmable circuit configured to recerve
clectrical signals via the electrocardiograph signal leads
representative of a heartbeat of a patient, wherein the
programmable circuit 1s further configured to:

generate a user interface to be presented on the display, the
user interface comprising a lead display including a
screen layout including a plurality of waveform regions,
the wavelorm regions being adjacent to one another and
cach displaying a wavelorm corresponding to an elec-
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trical signal from one of the plurality of electrocardio-
graph signal leads over a first time interval including at
least one heartbeat period;
upon recerving selection of a region of the user interface,
display an extended waveform region associated with
one or more of the electrocardiograph signal leads, the
extended waveform region displaying a waveform cor-
responding to the electrical signal from one of the plu-
rality of electrocardiograph leads over a second time
interval that 1s longer than the first time interval, and
which includes a plurality of heartbeat periods;

wherein the lead display includes an image of a torso
depicting locations of leads placed on the patient; and

wherein one or more of the locations depicted on the torso
provide a visual indication of whether or not a signal 1s
being received at that location.

2. The electrocardiograph device of claim 1, wherein the
display comprises a touch screen display, and wherein selec-
tion of the region comprises touching the region to be
selected.

3. The electrocardiograph device of claim 1, wherein the
region comprises a view toggle button, wherein, 1n response
to selection of the view toggle button, the lead display cycles
among a plurality of views, wherein the extended region 1s
included within at least one of the plurality of views.

4. The electrocardiograph device of claim 3, wherein each
of the plurality of views corresponds to a different layout of
regions within the lead display.

5. The electrocardiograph device of claim 1, wherein the
region comprises one of the plurality of waveform regions.

6. The electrocardiograph device of claim S, wherein, upon
display of the extended waveform region, one or more of the
plurality of waveform regions of the lead display are hidden
from view.

7. The electrocardiograph device of claim 6, wherein a
selection of the extended waveform region reverts the lead
display to displaying each of the plurality of waveform
regions including the waveform regions hidden from view
while the extended wavelorm region 1s displayed.

8. The electrocardiograph device of claim 1, wherein the
user interface further includes a leads region selectable by a
user, wherein, upon recerving selection of the leads region,
the programmable circuit 1s further programmed to display a
second screen layout including a plurality of wavetform
regions including waveform regions corresponding to elec-
trical signals from one or more of the plurality of electrocar-
diograph signal leads not presented in the lead display.

9. The electrocardiograph device of claim 1, wherein the
lead display includes one or more test action buttons.
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10. The electrocardiograph device of claim 1, wherein,
upon selection of the mmage of the torso, displaying an
enlarged 1image of the torso overlaying at least a portion of one
or more of the plurality of waveform regions.

11. An electrocardiograph device comprising;:

a display;

a plurality of electrocardiograph signal leads configured
for electrical connection to a patient;

a programmable circuit operatively connected to the dis-
play and to the plurality of electrocardiograph signal
leads, the programmable circuit configured to recerve
clectrical signals via the electrocardiograph signal leads
representative of a heartbeat of a patient, wherein the
programmable circuit 1s further configured to:

generate a user interface to be presented on the display, the
user interface comprising a lead display including a
screen layout including a plurality of regions, the plu-
rality of regions being adjacent to one another and each
displaying an indication of an electrical signal {from one
or more of the plurality of electrocardiograph signal
leads, and the user interface including an 1mage of a
torso depicting locations of leads placed on the patient,
with one or more of the locations depicted on the torso
provide a visual indication of a weak signal through a
change 1n appearance of the visual indication;

upon receving selection of a region of the user interface,
displaying an extended region associated with one or
more of the electrocardiograph signal leads, the
extended region at least partially overlaying one or more
remaining regions adjacent to the selected region.

12. The electrocardiograph device of claim 11, wherein the
extended region comprises an enlarged graphical representa-
tion of the torso of the patient.

13. The electrocardiograph device of claim 11, wherein the
selected region displays a waveform corresponding to an
clectrical signal from one of the plurality of electrocardio-
graph signal leads over a first time nterval including at least
one heartbeat period.

14. The electrocardiograph device of claim 13, wherein the
extended region displays a wavetform corresponding to the
clectrical signal from the electrocardiograph signal lead of
the selected region over a second time 1nterval that 1s longer
than the first time 1nterval, and which includes a plurality of
heartbeat periods.

15. The electrocardiograph device of claim 11, wherein,
upon receiving a selection of the extended region, the pro-
grammable circuit 1s configured to revert to the screen layout
displaying each of the plurality of regions.
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